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Abstract
For spontaneous breaking of global or gauge symmetry, it is superfluous to





A crucial ingredient of the theories of spontaneous symmetry breaking is
the assumption that the vaccum expectation value of the scalar eld mani-
festing the the symmetry, , is nonzero [1][2][3][4][5][6]. This is contradictory
with the basic fact that the Hilbert space is spanned by states with denite
number of particles and/or antiparticles in each mode. Though it is widely
accepted as a property of vacuum, here we point out that this assumption
is superfluous. In fact,  6= 0 is only a sucient but not a necessary condi-
tion for the required results, and can be simply replaced by y 6= 0, which
can be automatically satised in the ground state. The similar situation for
superfluidity and superconductivity has been discussed elsewhere [7].
We follow the notations and line of development in [1], and start with
Goldstone theorem. Under a continuous symmetry which transforms a set of
Hermitian scalar elds n(x) as




where tnm is the matrix corresponding to the symmetry transformation, the






tnmm = 0; (2)
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therefore at the minimum the V (),
X
nm
−1nl (0)tnmm = 0; (3)
where −1nl (0) = @
2V ()=@n@l is the reciprocal of the momentum space
propagator. In the approach based on m 6= 0, Goldstone theorem is ob-
tained by substituting m to (3). Now we insist that m is always vanishing,







(0)tn1mtn2mmm = 0; (4)
where we have used mn = 0 for m 6= n. Thus, if
P
m tn1mtn2mmm 6= 0,
then it is an eigenvector of −1n1l1(0)
−1
n2l2
(0) with eigenvalue zero. This leads
to the same result from
P
m tnmm 6= 0 that nl(q) has a pole at q
2 = 0,
i.e. there is one massless boson for each independent broken symmetry. As
indicated in the following example,
P
m tn1mtn2mmm 6= 0 may be satised
automatically by the condition of ground state @V ()=@n = 0.


































O(N) symmetry is broken down to O(N−1) when there is one component
1 with 11 6= 0 while ii = 0 for i 6= 1, therefore 11 =
P
n nn =
−M2=g. Consequently there is one massive boson with mass 2jM2j andN−1
massless bosons. All the results of Goldstone theorem can be obtained.
From the general viewpoint of quantum mechanics, if initially the state
of a system is in an eigenstate of a relevant operator or a set of operators
commuting each other, it will always be in this stationary state if these op-
erators commute the Hamiltonian. The initial condition is determined by
a basic postulate that the measurement projects the state to an eigenstate
of the relevant operator dening the physical situation. We think this is
the essence of various spontaneous symmetry breaking [7]. In the present
case, the relevant operators are nn, which commute the eective potential.
Therefore spontaneous summetry breaking occurs. Of course, as well known,
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the results also applies if the symmetry is broken non-spontaneously. The
vacuum is nothing but the ground state, spontaneous symmetry breaking
just referrs to that the state of the system is in one of them instead of the
combination, this is determined by the basic principles of quantum mechan-
ics. The ground state i.e the vacuum is, of course, not just the state with no
particles. For a complex scalar eld, y =
P
n nn, hence the vacuum is
given by y 6= 0.
Another meaning of (local) gauge symmetry breaking is that the gauge
eld acquires a mass, this can also be obtained from the present argument.
Dening vn =
q




~(x)tnmvm = 0. Substituting the shift eld 
0



















nlvmvl is yielded in the same way
as traditional approach. The proof of renormalizability is also valid with
the new denition of vn here. In the SU(2)  U(1) electroweak theory, the
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all the previous results are yielded in the similar way.
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